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[57] ABSTRACT 

Progression of chronic renal failure can be retarded or 
_arrested-by-admmistering-to-humans-suffering-firom- 
such disorder an agent which suppresses the production 
of glucocorticoids in the human together with a gluco- 
corticoid. An example of an agent which suppresses the 
production of glucocorticoids includes ketoconazole. 
Exemplary of the glucocorticoid is prednisone. 
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METHOD OF RETARDING THE PROGRESSION 
OF CHRONIC RENAL FAILURE 

CROSS-REFERENCE TO RELATED APPLI- 5 
CATION 

This application is a continuation-in-part of applica- 
tion Sen No. 07/277,161, filed Nov. 29, 1988, now U.S. 
Pat No. 5,175,144. 

FIELD OF THE INVENTION 10 

This invention relates to therapeutic treatment of 
humans suffering from chronic renal failure. More par- 
ticularly, the invention is directed to the administration 
to such humans of compositions which retard or arrest 15 
the progression of such failure. 

BACKGROUND OF THE INVENTION 

Since the first anecdotal evidence that nutritional 
therapy may slow the progression of chronic renal fail- 20 
ure (see Walser M, "Ketoacids in the Treatment of 
Uremia," Clinical Nephrology, 3:180-187 (1975)), there 
has been growing interest in two possibilities: (1) that a 
common mechanism causes progression of many types 
of chronic renal failure, and (2) that this process can be 25 
slowed or arrested by diet or drugs. 

Many mechanisms of progression have been postu- 
lated, based on experiments in animals and/or clinical 
observations. Factors proposed to contribute to pro- 
gression include arterial pressure, and more specifically, 30 
glomerular capillary pressure which is reduced by angi- 
otensin-converting enzyme inhibitors; serum calcium 
times phosphorus product; urinary phosphorus excre- 
tion; protein intake itself; hyperuricemia; hypertriglyc- 
eridemia; hypercholesterolemia; and hyperoxalemia. 35 

Ketoacid mixtures, administered in conjunction with 
a low protein, low phosphorus diet, have been reported 
to slow progression in several studies, see Mitch, W. E., 
et al., "The Effect of a Keto Acid-Amino Acid Supple- 
ment to a Restricted Diet on the Progression of Chronic 40 
Renal Failure," New England Journal of Medicine, 

311:623 = 629-(-1984);-Gret2r-N— e^aL-r^Low-Protein 

Diet Supplemented by Ketoacids in Chronic Renal 
Failure: A Prospective Staty* Kidney International 24, 
Suppl. 16:S263-S267 (1983); and Barsotti, G., et al., 45 
"Effects on Renal Function of a Low-Nitrogen Diet 
Supplemented with Essential Amino Acids and Keto 
Analogs and of Hemodialysis and Free Protein Supply 
in Patients with Chronic Renal Failure," Nephron 
27:113-1 17 (1981), but see Burns, J , et al., "Comparison 50 
of the Effects of Ketoacid Analogs and Essential Amino 
Acids on Nitrogen Homeostasis in Uremic Patients on 
Moderately Protein-Restricted Diets," American Jour- 
nal of Clinical Nutrition, 31:1767-1775 (1978). 

However, in most of these reports, no attempt was 55 
made to differentiate between the effects of the diet and 
the ketoacids. More recently, it has been reported that 
some patients progressing on this diet supplemented 
with essential amino acids exhibit slowed or arrested 
progression when changed to ketoacids, suggesting a 60 
specific effect of ketoacids on progression, see Walser, 
M , et aL, "Progression of Chronic Renal Failure on 
Substituting a Ketoacid Supplement for an Amino Acid 
Supplement," /. Amer. Soc. Nephrol, 2:1178-1185 
(1992). However, in these studies, compliance with a 65 
restrictive diet was required: 

Although much research has been done, a need still 
exists for treatment methods which retard, i.e., slow or 



arrest, the progression of chronic renal failure and do 
not require dietary compliance. 

SUMMARY OF THE INVENTION 

An aspect of the present invention is a method of 
retarding or arresting the progression of chronic renal 
failure in humans by administering an effective amount 
of an agent which suppresses the daily peaks in produc- 
tion of glucocorticoids together with a sufficient 
amount of a glucocorticoid to prevent glucocorticoid 
deficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The forgoing summary, as well as the detailed de- 
scription of the preferred embodiments, will be better 
understood when read in conjunction with the ap- 
pended drawing. 

FIG. 1 comprises FIGS. 1A through ID and shows 
the glomerular filtration rates of patients against time 
before and after treatment by the method of the inven- 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An aspect of the present invention is a method 
whereby the progression of chronic renal failure in 
humans (or other animals) may be retarded or arrested 
by administering to humans suffering from such disor- 
ders an effective amount of an agent which suppresses 
the daily peaks in production of glucocorticoids to- 
gether with a low dose of a glucocorticoid. 

Agents believed to be useful in the present invention 
include drugs which suppress the production of gluco- 
corticoids. Preferably, the glucocorticoid dose adminis- 
tered together with the suppressor is somewhat less 
than the replacement dose level. Replacement dose 
level is the dose that achieves an average normal level 
of glucocorticoid function when administered chroni- 
cally to adrenalectomized subjects. 

The following agents which are known to suppress 
glucocorticoid production i n humans would appear to 
be useful when administered together with a glucocorti- 
coid according to the presentinvention in retarding the 
progression of chronic renal failure: 

(1) Ketoconazole: This is an antifungal agent found to 
inhibit adrenocortical glucocorticoid production 
profoundly or even completely. Farwell, A. P., et 
al., "Total Suppression of Cortisol Excretion by 
Ketoconazole in the Therapy of the Ectopic Adre- 
nocorticotropic Hormone Syndrome," The Ameri- 
can Journal of Medicine, 84:1063-1066 (1988). Re- 
cently, ketoconazole has been reported to prolong 
the half-life of the glucocorticoid prednisolone 
(^-hydrocortisone). B. Ulrich et al., "Phar- 
macokmetics/Pharmacodynamics of Ketocona- 
zole-Prednisolone Interaction," The Journal of 
Pharmacology and Experimental Therapeutics, 
260:487-490(1992). 

(2) Sodium valproate: This is an anticonvulsant, 
widely used, but not without serious side effects 
and toxicity. " 




Isubjec 

roTHSocuum Valproate on Serum Corti- 
sol Levels in Healthy Subjects and Depressed Pa- 
tients," Acta Psychiatn Scartd, 77:170-174 (1988). 
(3) Enkephalins: These pentapeptides and their syn- 
thetic analogs, notably "DAMME" (pD-ala 2 , Me- 
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Phe* Met(0)-ol] enkephalin), reduce Cortisol lev- and prednisolone (A ^hydrocortisone) are available 
els acutely in man. Stubbs, W. A., et al., "Hor- commercially. 

monal and Metabolic Responses to an Enkephalin Glucocorticoids play a role in the regulation of pro- 
Analog in Normal Man," The Lancet, tein turnover. They are often used therapeutically in 
1978:1225-1227 (Dec. 9, 1978); and Taylor, T., 5 chronic renal disease. U.S. patent application Ser. No. 
"Beta-Endorphin Suppresses Adrenocorticotropm 07/277,161, filed Nov. 29, 1988, discloses that suppres- 
and Cortisol Levels in Normal Human Subjects, sion of the endogenous production of glucocorticoids 
'Journal of Clinical Endocrinology and Metabolism, or blocking of their binding to receptors slows or arrests 
57:592-596 (1983). the progression of chronic renal failure. While the Ap- 

(4) Opioids: Alkaloids like morphine also interact 1° plicant does not wish to be bound by any particular 
with the same or similar receptors as enkephalins. theory, ketoconazoie may slow progression by suppres- 
Opioids shown to decrease Cortisol levels in man sion of diurnal Cortisol peaks or an antioxidant effect 
include morphine, pentazocine, nalorphine and See H. Wiseman et al.,' "The Antioxidant Action of 
buprenorphine. Pende, A., et al., "Evaluation of Ketoconazoie and Related Azotes: Comparison with 
the Effects Induced by Four Opiate Drugs, with 15 Tamoxifen and Cholestero\,"Chem.-BioL Interactions, 
Different Affinity to Opioid Receptor Subtypes, on 79:229-243 (1991). There is considerable evidence for 
Interior Pituitary LH, TSH, PRL and GH Secre- oxidant injury as the cause of progression. See review of 
tion and on Cortisol Secretion in Normal Man, J. R. Diamond, "The Role of Reactive Oxygen Species 
"Biomed Pharmacother., 40: 178-1 82 (1986). in Ariimal Models of Glomerular Disease," Am, I Kid- 
Chronic administration of these may not be practi- 20 ney Dis., 19:292-300 (1992). 

cal owing to side effects and/or addictive proper- Unexpectedly, in the present invention, it has been 
ties. However, loperamide, commercially available found that administration of a glucocorticoid suppres- 
under the trademark "IMODIUM" from Janssen sor together with a glucocorticoid is more effective 
Pharmaceutica, N.V., is not addictive, but does than administration of a suppressor alone in retarding or 
suppress adrenocorticotrophic hormone produc- arresting the progression of chronic renal failure. Sup- 
tion. See Ambrosi, B., et al , "Loperamide, an Opi- pression of glucocorticoid action through suppression 
ate Analog, Inhibits Plasma ACTH Levels in Pa- of production entails the possibility of excessive sup- 
tients with Addison's Disease," Clinical Endocrinol- pression, thereby causing glucocorticoid insufficiency. 
ogy, 24:483-489 (1986). Loperamide and similar 3Q In the present invention, a glucocorticoid suppressor is 
butyramides are described in Janssen, et al. U.S. administered together with a glucocorticoid where, 
Pat. No. 3,714,159. preferably, the dose of glucocorticoid is chosen to be 

(5) Clonidine: This widely used anti-hypertensive somewhat less than the "replacement dose leveL* 1 Thus, 
drug has recently been shown to lower Cortisol if the suppressor were totally effective in suppressing 
levels in man. See Slowinska-Srzednicka, J., et al, 35 adrenocortical production of glucocorticoids, and if it 
"Effect of Clonidine on Beta-Endorphin, ACTH had no effects on glucocorticoid metabolism or on glu- 
and Cortisol Secretion in Essential Hypertension cocorticoid interaction with the glucocorticoid recep- 
and Obesity," European Journal of Clinical Pharma- tors, a low level of glucocorticoid function would still 
cology, 35:115-121 (1988); and Lechin, F., et al. be present 

"Role of Stress in the Exacerbation of Chronic ^ Administration can be oral or parenteral. It is be- 
Ulness: Effects of Clonidine Administration on lieved that the appropriate dosages of the glucocorti- 

Blood Pressure and Plasma Norepinephrine.^^- coid-suppresror-could-be-re^ 

sol, Growth Hormone and Prolactin Concentra- scientific literature cited herein, 
tions," Psychoneuroendocrinology, 12:117-129 For example, with respect to ketoconazoie, appropri- 
(1987). Clonidine is already commonly used to 45 ate dosages are discussed in Farwell et al., supra. A 
treat hypertension in patients with chronic renal dosage of 200-400 mg/day suppresses glucocorticoid 
failure. production to a mild degree. 

(6) Oxytocin: Intravenous infusion of this hormone Aggernaes et al., supra, discloses that an 800 mg dos- 
(widely used to induce labor) lowers Cortisol levels age of sodium valproate administered by intravenous 
in normal men. Legros, J. J., et al. "Confirmation 50 injection suppressed serum Cortisol levels in normal 
of the Inhibitory Influence of Exogenous Oxytocin subjects. According to the Physicians* Desk Reference, 
on Cortisol and ACTH in Man: Evidence of Re- 44th Edition, pp. 513-515 (1990), the usual daily dose of 
producability," ACTA Endocrinologies, valproate is 10 mg/kg/daily and the maximum recom- 
114:345-349 (1987). Oxytocin can be given as an mended dosage is 60 mg/kg/daily. 

intranasal spray, and side effects are minor. 5s With regard to enkephalins, appropriate dosages for 

Glucocorticoids are steroid hormones which modify use in conjunction with the present methods are sug- 
certain metabolic reactions and have an anti-mflamma- gested in Stubbs et al., supra, and Taylor, ^supra. 
tory effect. Endogenous glucocorticoids are produced The only known opioid which may be administered 
by the adrenal cortex and influence carbohydrate, fat on a long-termbasis without danger of addiction is lop- 
and protein metabolism and are also known to affect 60 eramide. Concurrent use of a laxative would be re- 
muscle tissue, the nervous system and the circulatory quired. Accordingly to Ambrosi et al., supra, an oral 
system. Glucocorticoids produced by the human adre- dosage of 16 mg produced a decrease in plasma adreno- 
nal gland include Cortisol, corticosterone, 11-deoxycor- corucotropic hormone levels. According to the Physi- 
cal, 11 -deoxycorticosterone, aldosterone, 18-hydrox- dans' Desk Reference, supra, at pp. 1083-1084, the daily 
ycorticosterone and 18-hydroxy, 1 1-deoxycorticoster- 65 dosage of loperamide should not exceed 16 mg. 
one. In humans, Cortisol (also known as hydrocortisone) A daily dosage of clonidine ranging from 0.2 mg-0.6 
is the most abundantly produced. Many analogs of hy- mg suppresses Cortisol levels as discussed in Slowinski- 
drocortisone, such as prednisone (A ^hydrocortisone) Srzednicka et al., supra, and Lechin et al., supra. 
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Appropriate dosages of oxytocin are suggested in 
Legros et al., supra. 

Preferably, in the method of the present invention, 
the glucocorticoid suppressor is ketoconazole and the 
glucocorticoid is prednisone. As mentioned above, 
ketoconazole is now known to inhibit prednisone me- 
tabolism. Hence, a given dose of prednisone exerts a 
greater glucocorticoid effect in the presence of 
ketaconazole. The more slowly ketoconazole is metabo- 
lized in a given patient (thereby causing relatively more 
adrenocortical suppression), the more slowly predni- 
sone will be metabolized, thus overcoming possible 
glucocorticoid insufficiency. This combination of drugs 
tends to "clamp" glucocorticoid function at a low, but 
adequate, level preventing glucocorticoid insufficiency. 

Another possible benefit of the glucocorticoid clamp 
of the method of the present invention is that diurnal 
variations in glucocorticoid levels are blunted or elimi- 
nated. These variations are about five-fold in normal 
subjects, but their function, if any, is unknown. While 20 
the Applicant does not wish to be bound by any particu- 
lar theory, the peaks of glucocorticoid levels during 
each day, as well as peaks occurring from day to day in 
response to various stimuli including stress, may be 
particularly damaging to renal function by impairing 25 
the healing process. It is known that sustained high 
levels of glucocorticoids impair healing. See S. Matsu- 
sue et al., "Healing of Intestinal Anastomoses in Adre- 
nalectomized Rats Given Corticosterone," American 
Journal of Physiology. 263:R164-R168 (1992). 30 

Additionally, high levels of glucocorticoid produc- 
tion have been observed in males infected with the 
human immunodeficiency virus (HIV). Excessive glu- 
cocorticoid production was observed in both HIV-posi- 
tive and early AIDS individuals. See J. M. VUlette et 35 
al., "Circadian Variations in Plasma Levels of Hypoph- 
yseal, Adrenocortical and Testicular Hormones in Men 
Infected with Human Immunodeficiency Virus," /. 
Clin. Endocrinol. Metab., 70:572-577 (1990). During 
HIV infection, chronic renal failure which progresses 40 
very rapidly is a common occurrence and may be accel- 
erated by sustained high levels of glucocorticoid-orc^-— 
Auction, it is contemplated that the glucocorticoid 
clamp of the method of the present invention will also 
be useful for slowing the progression of chronic renal 45 
failure in patients diagnosed with HIV nephropathy. 

In order to demonstrate the effect of the administra- 
tion of agents which suppress glucocorticoid action 
together with a glucocorticoid, a clinical study was 
conducted as described below. 



ZORAL" was obtained from Janssen Pharrnaceutica, 
Inc of Rscataway, N J. All four patients received the 
combination for at least 3 \ months. 

Glomerular filtration rate (GFR) was measured bi- 
monthly as the urinary clearance of intravenously in- 
jected "mTc-DTPA (100 uCi). Three collection peri- 
ods were averaged. Correction for body weight or 
surface area was not made. Progression was calculated 
as the linear regression of GFR on time in months. 
Pretreatment values were employed. 

Results of Clinical Tests 

The data were analyzed by linear regression analysis. 
FIGS. 1A, IB, 1C and ID are graphs of the sequential 
values for GFR for patients #36, #37, #40 and #52, 
respectively. 

FIG. 1A shows the course of progression of Patient 
#36 (chronic glomerulonephritis) during a 13-month 
pretreatment phase and an approximately 6-month 
treatment phase where 400 mg "NIZORAL" and 2.5 
rag prednisone were administered daily. The graph 
shows that treatment with "NIZORAL" and predni- 
sone appears to have reversed the progression of renal 
failure. 

FIG. IB shows the course of progression of Patient 
#37 (Type I diabetes) during a 4.5-month pretreatment 
phase and a 3.5-month treatment phase where 200-400 
mg "NIZORAL" and 2.5 mg prednisone were adminis- 
tered daily. The graph shows a retarding of renal failure 
progression in an insulin-dependent diabetic- This pa- 
tient was losing function extremely rapidly (approxi- 
mately 1.8 mVmin/month) in the pretreatment period. 

FIG. 1C shows the progression of Patient #40 (inter- 
stitial nephritis) during a 9-month pretreatment phase 
and an approximately 5-month treatment phase where 
400 mg "NIZORAL" and 2.5 mg prednisone were 
administered daily. The graph shows a retardation of 
progression in this patient. 

FIG. ID shows the course of progression of Patient 
#52 (IgA nephropathy) during an approximately 4- 
raonthpretre atment phase and-an-ap proxim ately 2-year~~ 



50 



Clinical Test Methods 



Linear regression analysis of glomerular filtration 
rate (GFR) as a function of time before and after treat- 
ment with a combination of ketoconazole and predni- 55 
sone was performed. Four patients (#36, #37, #40, 
#52) with chronic renal failure were included in the 
study. Patient #36 was a 35-year old white male diag- 
nosed with chronic glomerulonephritis; Patient #37 
was a 35-year old white male diagnosed with type I 60 
diabetes; Patient #40 was a 54-year old white male 
diagnosed with interstitial nephritis; and Patient #52 
was a 72-year old white male diagnosed with IgA neph- 
ropathy. 

In the studies, the subjects received 200-400 mg of 65 
ketoconazole and 2.5 mg of prednisone daily. The re- 
placement dose level of prednisone is about 5 to about 8 
mg/day. Ketoconazole, sold under the trademark "NI- 



treatment phase where 400 mg "NIZORAL" and 2.5 
mg prednisone were administered daily. Therapy was 
discontinued for approximately two months and then 
restarted. The patient lost some renal function during a 
period when the prednisone dose had to be increased to 
10 mg/day to control a recurrence of polymyalgia (indi- 
cated on the graph by an arrow). Extrapolating from 
the decrease in GFR of this patient in the pretreatment 
phase, it is likely that dialysis would have been neces- 
sary beginning approximately around month eight of his 
study. Thus, dialysis has already been deferred about 20 
months. 

A causal relationship between retardation or arrest of 
the progression of chronic renal failure and administra- 
tion of a glucocorticoid suppressor together with a 
glucocorticoid in patients with chronic renal failure is 
strongly suggested by these data. Therefore, it is be- 
lieved that other agents and measures that suppress the 
production of glucocorticoids administered together 
with a dose of prednisone or another glucocorticoid 
should slow or arrest progression of chronic renal fail- 
ure. -*" 

The present invention may be embodied in other 
specific forms without departing from the spirit or es- 
sential attributes thereof and, accordingly, reference 
should be made to the appended claims, rather than to 
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the foregoing specification as indicating the scope of the 7 The method according to claim 1, wherein the 
invention. glucocorticoid is prednisone. 

1 claim* The method of claim 7, wherein the prednisone is 
LA method of retarding the progression of chronic c ^ministered in an amount of about 2.5 mg/day. 

renal failure in humans comprising administering to the 5 9 ;* T ° ? * ^ profession of chrome 

. «. . r , " B *™ * . renal failure in humans comprising administering to the 

human suffering from chrome renal failure an effective huraan suffering from chronic renal failure an effective 

amount of an agent which suppresses the production of amount of ketoconazole together with an amount of 

glucocorticoids together with an effective amount of prednisone less than the replacement dose level, 

glucocorticoid, said agent excluding opioids. 10 10. The method according to claim 9, wherein the 

2 The method according to claim 1, wherein the ketoconazole is administered in an amount of about 200 
agent which suppresses the production of glucocorti- to 400 m g/ da y the prednisone is administered 
coids and the glucocorticoid are administered orally, m *? a ™ ount °[ "mg/day. 

3. The method according to claim 1, wherein the „ . t U ™ e meth °^ * ^ 9 ' ^ rem ^ 
• « . 6 _ . ' ■ .15 ketoconazole and the prednisone are adnumstered 

agent which suppresses the production of glucocorti- orally 

coids is selected from the group consisting of ketocona- The method according to claim 1, wherein the 

zole, sodium valproate, enkephalins and their synthetic chronic renal failure results from human immunodefi- 

analogs, clonidine and oxytocin. ciency virus nephropathy. 

4. The method of claim 1, wherein the effective 20 13. The method according to claim 1, wherein the 
amount of the glucocorticoid is less than the replace- chronic renal failure results from chronic glomerulone- 
ment dose level. phritis. 

5. The method according to claim 1, wherein the * 4 . The according to claim 1, wherein the 
agent which suppresses the production of glucocorti- „ renal failure results from type I diabetes, 
coids is ketoconazole 25 15. The method accordmg to claim 1, wherein the 
coias is Ketoconazole chronic renal failure results from interstitial nephritis. 

6. The method of claim 5, wherein the ketoconazole 16 The method according to claim 1, wherein the 
is administered in an amount of about 200 to about 400 chronic renal failure results from Ig A nephropathy, 
mg/day. * * * * * 
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